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(54) ULTRAFINE-CRYSTALLINE MAGNETIC FILM-MADE RADIO WAVE ABSORBER 

(57)Abstract: . . 

PROBLEM TO BE SOLVED: To provide a superior ratio wave absorbing characteristic in a high 

frequency range. 

SOLUTION: A radio wave absorber is made of an ultrafine-crystaliine magnetic film contg. a 
ceramic phase and ferromagnetic ultrafine crystal phase. The ceramic phase contains at least 
two ceramic phase component elements among B, Al. Si, Zr. Hf. Gd and Sm higher than 
component elements Fe and Co of the ferromagnetic ultrafine crystal phase so as to realize a 
permeability real part of 0.1 or less, permeability imaginary part/real part of 5 or more and 
electric resistivity of 500 microohms.cm or more in a frequency range of 10MHz to 10GHz. 
Using a plurality of the ceramic phase component elements, an ultrafine-crystaliine magnetic 
film-made wave absorber superior in the radio wave absorbing characteristic in a high frequency 
range can be produced at a lower temp. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ReWof the Invention] This invention belongs to an electric-wave absorption ^ n ^ a "* fft 
reiStestothe wave absorber which consists of a super-microcrystal magnetic film which comes to 
contain a ceramic phase and a super-[ ferromagnetic ] microcrystal phase especially. 

f Description of the Prior Art] Multi-functionalization and digitization of electronic equipment are 
progressing at an increasing tempo with progress of a highly information-onented s ociety .and an 
advance of an electronic technique. In connection with this, the electromagnetic interference by 
leakage of the electromagnetic wave from various electronic equipment poses a Problem . 
[0003] Then in order not to generate such an electromagnetic interference, or in order to prevent 
invasion of a failure electric wave, it is made not to make an electromagnetic wave reveal to the 
exterior, or covering various electronic equipment etc. with a wave absorber, and preventing 
invasion of the electric wave from the outside is made. . * u 

[0004] As a wave absorber currently used conventionally, magnetic loss ingredients, such as 
electric conduction loss ingredients, such as rubber and resin, and a f ® sre menti^ed . The 
frequency band which poses a problem by electronic equipment etc. is a 100MHz -10GHz high 
frequency band, and a magnetic loss ingredient is mainly chosen as a wave absorber in this band 
[0005] The magnetic loss ingredient as this wave absorber is asked for thing ** with small and real 
component mu' of complex permeability, and large imaginary component (delay component) mu 
of complex permeability in order to absorb efficiently that electrical resistivity is large in order to 
prevent reflection of the electromagnetic wave by the eddy current in a desired RF field, and the 
electromagnetic wave which carries out incidence. 

[0006] In 1GHz, complex permeability real component mu' is 1, and small enough, complex 
permeability imaginary component mu" is 3, and since it is not sufficiently large, in order to absorb 
an electromagnetic wave good, the ferrite used now as a wave absorber which carries out a deer 
and consists of a magnetic loss ingredient needs the thickness of about 14mm, as it is indicated 
to be SOOohmm to drawing 8 , although electrical resistivity is remarkably large. For this reason, it 
is difficult, and the amount of application [ on the electronic equipment by which it points to a 
miniaturization ] increases too much to apply to the front face of large areas, such as a building, 
for acid resisting of radar waves or a television broadcasting electric wave, and implementation at 
the point of costs is difficult for it for it. Furthermore, since a ferrite is an iron system oxide 
ingredient fundamentally, its specific gravity is as large as about five, and a problem produces it 
also in respect of weight. 

[0007] By the way, the film (super-microcrystal magnetic film) of the hetero granular structure of 
the gestalt which distributed the super-[ ferromagnetic ] microcrystal in the ceramic phase is 
proposed as an ingredient of the magnetic head or a micro MAG device recently. 
[0008] As an approach of manufacturing a super-microcrystal magnetic film, a ferromagnetic 
element and oxygen (O), such as iron (Fe) and cobalt (Co), The amorphous film which carries out 
the spatter of the ceramic phase configuration element with high compatibility to nitrogen (N) and 
carbon (C) to these at coincidence, and contains these elements is formed. Subsequently, making 
a super-[ ferromagnetic ] microcrystal generate in a ceramic phase by heat-treating this 
amorphous film, and acquiring 2 phase structures is proposed. 

[0009] According to the above super-microcrystal magnetic films, soft magnetism by the super-[ 
ferromagnetic ] microcrystal and high electrical resistivity by the ceramic phase are realized, by 
this, eddy current loss is reduced and the high permeability in a RF field can be realized. 
[0010] The deer was carried out, the thing for the magnetic head is most and the super- 
microcrystal magnetic film studied and proposed conventionally took into consideration sufficient 
thermal resistance which can be equal to elevated-temperature heat treatment of the glass joining 
closure in the application etc. Moreover, it is common that one kind of thing is used as a ceramic 
phase configuration element with high compatibility to O, N, and C in the conventional super- 
microcrystal magnetic film. 

[001 1] That is, using a super-microcrystal magnetic film as a wave absorber in a RF field 
conventionally is not proposed. 

[0012] By the way, in case a super-microcrystal magnetic film is used as a wave absorber, it is 
considered to be required to produce this super-microcrystal magnetic film for example, on an 



KlF urthemore, this invention aims at offering the wave absorber which consists of a super- 
microcrystal magnetic film excellent in the electric-wave absorption property in a RF ™a • 
mm Furthermore, this invention enables it to manufacture the wave absorber ^ <™"» ° f 
a super-microcrystal magnetic film excellent in the electnc-wave absorption property in a RF field 
uiS^p«^ low temperature, and aims at closing production of the super-microcrystal 
magnetic film wave absorber on heat-resistant low base materials, such as an organic film, 
comparatively, in this way, if . 

[Mea 6 ns for Solving the Problem] As what attains the purpose like according to this ^nwntton. a 
is the wave absorber which consists of a super-microcrystal magnetic film which comes^to contain 
a ceramic phase and a super-[ ferromagnetic ] microcrystal phase, and wave-absorber 
characterized by constituting said ceramic phase including at least 1 of oxygen nitrogen, and 
carbon and a ceramic phase configuration element higher than the element with which the 
compatibility over these constitutes said super-[ ferromagnetic ] microcrystal phase is offered. 
[0017] Moreover, according to this invention, it is the wave absorber which consists of a super- 
microcrystal magnetic film which comes to contain a ceramic phase and a super-[ ferromagnetic ] 
microcrystal phase as what attains the purpose like Said ceramic phase Oxygen, By 
constituting using at least 1 of nitrogen and carbon, and the ceramic phase configuration element 
which is affinitive to these Wave-absorber ** which makes it the description as it becomes 
impossible to realize 0.1 or less value of a permeability real component and more than electncal 
resistivity 500 [muomegacm] in the frequency in a 1 0MHz - 1 0GHz field is offered. 
[0018] This invention sets like 1 voice and it becomes impossible that it is made to realize the 
condition that the value of a permeability imaginary component / permeability real component 
becomes 50 or more still more preferably ten or more preferably five or more in the frequency in a 
10MHz -10GHz field. 

[0019] Electrical resistivity is 105. It is below [muomegacm] and a permeability imaginary 
component is 2000 or less [ 5 or more ]. 

[0020] This invention sets like 1 voice and said ceramic phase is constituted, including said 
ceramic phase configuration element two or more. 

[0021] This invention sets like 1 voice and said ceramic phase configuration element is boron, 
aluminum, silicon, a zirconium, a hafnium, a gadolinium, or samarium. 

[0022] This invention sets like 1 voice and said ceramic phase is constituted including at least one 

of boron, aluminum, silicon, a zirconium, a hafnium, a gadolinium, or samarium. 

[0023] This invention sets like 1 voice and said super-[ ferromagnetic ] microcrystal phase is 

constituted including at least one of iron and cobalt. 

[0024] 

[Function] The super-microcrystal magnetic film which comes to contain a ceramic phase and a 
super-[ ferromagnetic ] microcrystal phase is used as a wave absorber. By constituting the 
ceramic phase of this super-microcrystal magnetic film using at least 1 of oxygen, nitrogen, and 
carbon, and the ceramic phase configuration element which is affinitive to these In the frequency 
in a 10MHz - 10GHz field, it is five or more values of a permeability imaginary component / 
permeability real component in 0.1 or less value of a permeability real component, and the wave 
absorber more than electrical resistivity 500 [muomegacm] can be obtained. According to this, the 
outstanding electric-wave absorption property in a RF field is acquired. 
[0025] Especially, with constituting a ceramic phase from oxygen, nitrogen, and at least 1 of 
carbon, and at least two ceramic phase configuration elements with the high compatibility over 
these in manufacture of the above-mentioned super-microcrystal magnetic film, even if it heat- 
treats at the comparatively low temperature of 350 degrees C or less, a wave absorber with the 
outstanding electric-wave absorption property in a RF field can be obtained. This becomes 
producible [ the super-microcrystal magnetic film wave absorber on heat-resistant low base 
materials, such as an organic film, ] comparatively. 

[0026] According to the wave absorber of this invention, in a RF field, since electrical resistivity is 
large, reflection of the electromagnetic wave by the eddy current can be prevented, since real 



component mu* of complex permeability is still smaller and imaginary component (delay 
component) mu" of complex permeability is large, an incidence electromagnetic wave can be 
absorbed efficiently, and the outstanding electric-wave absorption property is acquired. 

[The 7 gestalt and example] of implementation of invention Hereafter, the gestalt and example of 

oneration of this invention are explained, referring to a drawing. 

^S^SSSLt. it measures below, respectively with the X-ray diffraction 

data / of a magnetic property / electrical resistivity ] CuK alpha rays about a £2" 

phase and the membranous diameter of average crystal grain with the d.rect^u rent four j>robe 

method by VSM (oscillating sample mold fluxmeter). Measurement of permeability was performed 

with the one turn coil magnetization method. 

[00291 (1) The :membrane formation equipment;RF magnetron sputtenng equipment target which 

used the RF magnetron sputtering method on this substrate, and manufactured m a9" e ^films, 

such as a super-microcrystal magnetic film, as follows, using slide glass (Matsunami # 7059) as a 

substrate; it is B-2 03 to Fe 99.99%. A chip and aluminum 203 Thing membrane formation 

conditions of having carried the chip; 

Ultimate-pressure force <2x10-6[Torr] 

Argon pressure = 4 [mTorr] 

Membrane formation rate = 30-80 [**/min] 

Heat treatment conditions; 

Ultimate-pressure force <5x10-6[Torr] 

It is pressure <1x10-5[Torr] at the time of processing. 

Processing time = 1 [time amount] 

Direct-current magnetic field = 500 [Oe]. . 
[0030] Change of the saturation magnetization (4piMs) of the magnetic film obtained when 
changing the temperature in the case of the above-mentioned heat treatment (annealing 
temperature Ta), coercive force (He), and electrical resistivity (rho) is shown in drawing 1 . 
Moreover, the X diffraction pattern of the magnetic film obtained on each heat treatment condition 
is shown in drawing 2 . 

[0031] Drawing 2 shows that crystallization arises in the annealing temperature of 200 degrees C 
(formation of a super-microcrystal magnetic film), and the peak core serves as a location of alpha- 
Fe although it is amorphous immediately after membrane formation. This is imagined to be that in 
which the discharge of the deposit of alpha-Fe, the ceramic configuration element in Fe, and 
oxygen has already begun from 200-degree C low temperature. 

[0032] Saturation magnetization 4piMs of the electrical resistivity rho of the super-microcrystal 
magnetic film which the annealing temperature from which coercive force He serves as the 
minimum is 250 degrees C, and is obtained from drawing 1 in that case was 9.81 [kG] in 2100 
[muomegacm], 

[0033] In addition, the presentation of the obtained super-microcrystal magnetic film was Fe53- 
B4-aluminum16-027 in the atomic ratio. 

[0034] The frequency (Frequency) dependency of the permeability (Permeability) of this super- 
microcrystal magnetic film is shown in drawing 3 . In a 970MHz - 1 1GHz RF field, permeability 
real component mu' is remarkably [ as 0.1 or less ] small, and permeability imaginary component 
mu" is five or more, and drawing 3 shows that mu'Vmu' is remarkably [ as 50 or more ] large. 
[0035] As mentioned above, the wave absorber with which even about 1mm thickness consists of 
a super-microcrystal magnetic film of high electrical resistivity and high electric-wave absorptivity 
in a RF field by sufficient low-temperature heat treatment was realizable. 
[0036] (2) At the time of a spatter, it is aluminum 203 to Fe 99.99% as a target. The magnetic film 
was manufactured like the above except using what carried only the chip. 
[0037] Change of the saturation magnetization (4piMs) of the magnetic film obtained when 
changing the temperature in the case of the above-mentioned heat treatment (annealing 
temperature Ta), coercive force (He), and electrical resistivity (rho) is shown in drawing 4 . 
Moreover, the X diffraction pattern of the magnetic film obtained on each heat treatment condition 
is shown in drawing 5 . 

[0038] The crystal phase with an average crystal particle size of about 40A has already deposited 
since immediately after membrane formation, this crystal phase is almost the same to the 
annealing temperature of 400 degrees C, and drawing 5 shows that crystal growth is controlled. 
Moreover, while annealing temperature increases, it turns out that a peak core approaches alpha- 



Fe (1 10) This is imagined to be that by which alpha-Fe deposits with the increment in annealing 
temperature and the ceramic configuration element and oxygen in Fe are breathed out. 
00391 Although the annealing temperature to which coercive force He serves as ^ minimum 
from drawing 4 is 400 degrees C, comparatively low coercive force is acquired 250^50 
degrees C The electrical resistivity rho of the super-microcrystal magnetic film which is obtained 
in the case of 250-350-degree C annealing temperature is about 2000-4000 [muomegacm]. 
[0040] In addition, the presentation of the obtained super-microcrystal magnetic film was Fe49- 

aluminum17-034 in the atomic ratio. . . x ^ „. 

[00411 Saturation magnetization 4piMs of the electrical resistiy.ty rho of the •"^""gg" 
magnetic film with which annealing temperature is obta.ned at 400 degrees C was 8 82 [kG] in 
about 1000 [muomegacm]. The frequency (Frequency) dependency of the permeability 
(Permeability) of this super-microcrystal magnetic film is shown in drawing 6 In a 930MHz . - 
1 1GHz RF field, permeability real component mu" is remarkably [ as 0.1 or less ] small, and 
permeability imaginary component mu" is five or more, and drawing 6 shows that mu /mu is 
remarkably [ as 50 or more ] large. 

100421 As mentioned above, the wave absorber with which even about 1mm thickness consists of 
a super-microcrystal magnetic film of high electrical resistivity and high electric-wave absorptivity 
in a RF field by low-temperature heat treatment was realizable. 

[0043] (3) Set in the above example and it is B-2 03. When BN and B4 C are used instead, it is 
aluminum 203. The same result was obtained, when the nitride and carbide of aluminum were 
used instead, and also when silicon (Si), a zirconium (Zr). a hafnium (Hf), a gadolinium (Gd), and 
samarium (Sm) were used instead of aluminum. 

[0044] (4) At the time of a spatter, it is Gd 203 to Fe 99.99% as a target. The magnetic film was 
manufactured like the above except using what carried only the chip. Annealing temperature was 
made into 350 degrees C. . ^ r ,„„ JJ . n . n . 

[0045] The presentation of the obtained super-microcrystal magnetic film was Fe70-Gd10-O20 in 
the atomic ratio, and electrical resistivity rho was about 1 000 [muomegacm]. 
[0046] The frequency (Frequency) dependency of the permeability (Permeability) of this super- 
microcrystal magnetic film is shown in drawing 7 . In a 900MHz - 2.3GHz RF field, permeability 
real component mu' is remarkably [ as 0.1 or less ] small, and permeability imaginary component 
mu" is five or more, and drawing 7 shows that mu'Vmu' is remarkably [ as 50 or more ] large. 
[0047] As mentioned above, the wave absorber with which even about 1 mm thickness consists of 
a super-microcrystal magnetic film of high electrical resistivity and high electric-wave absorptivity 
in a RF field by sufficient low-temperature heat treatment was realizable. 
[0048] 

[Effect of the Invention] As mentioned above, according to this invention, the wave absorber which 
consists of a super-microcrystal magnetic film excellent in the electric-wave absorption property in 
a RF field is offered. 

[0049] Furthermore, according to this invention, production of the super-microcrystal magnetic film 
wave absorber on heat-resistant low base materials, such as an organic film, is attained [ that the 
wave absorber which consists of a super-microcrystal magnetic film which was excellent in the 
electric-wave absorption property in a RF field constituting a ceramic phase from oxygen, 
nitrogen, and at least 1 of carbon and at least two ceramic phase configuration elements with the 
high compatibility over these can be manufactured under comparatively low temperature, and ] 
comparatively in this way. 
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